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SECTION I
INTRODUCTION

Barriers in explosive trains are common, They usually exist because
the construction of the fuze or device requires it, rather than out of
consideration for the explosive train, However, in some cases, such as in
the '"burning to detonation'' type detonator, barriers are introduced to aid
in propagation of the explosive train. Another exception is where barriers
are introduced for the purpose of shaping the detonation wave, The barriers
which exist in normal explosive trains -- regardless of why they are there --
are usually disrupted, fragmented, broken or severly damaged when the train
is exploded. The reason is that the transfer of detonation from one com-
ponent to another is usually easier if the barriers can be destroyed. Con-
sequently, there is seldom any need to keep barriers intact except to
interrupt propagation.

However, it is foreseen that transfer of detonation or propagation through
a barrier without disrupting or perforating the barrier is reasonable enough,
Such a design suggested itself recently as a solution to an initiation prob-
lem with a proposed rocket motor,

This report summarizes feasibility study results of the practicality of
initiating a rocket motor through a barrier using the shock of a high explo-
sive charge but without perforating the barrier.




SECTION II
SUMMARY

The results of a feasibility study of the practicality of initiating a
rocket motor through a barrier using high explosives without perforating
the barrier are summarized. Results indicated that a variety of explo-
sives and barriers could be made to work in such a system., For certain
reasons (detailed in Section V), a system was designed in which the design
parameters consisted of PETN which is initiated by shock through a 0. 1~
inch - steel barrier. This was applied to initiation of a rocket motor with

success,




SECTION III
CONCLUSION

It is concluded that using high explosives to initiate a propellant train
through a barrier without perforating the barrier is practical,

SECTION 1V
RECOMMENDATION

A failure mode analysis of the subject system should be conducted.




SECTION V
STUDY

A series of experiments were conducted in which the M55 Stab Detonator
was confined in an aluminum sleeve and functioned over various thicknesses
and type materials (Figure 3). The test set-up is shown in Figure 1. The
damage to the metal plate caused by the detonator was observed.

The M55 stab detonator contains a base charge of 19 mg of RDX. Pinhole
perforations were made in 0.063'" thick brass while only dents were observed
in 0, 115-inch thick stainless steel. Table 1 outlines the materials used and
the test results.

Actually, there is little which can be concluded from these initial tests,
From the results, however, it seemed likely that the study had at least been
launched in the proper direction,

Another series of tests were conducted in which either the M55 Stab
Detonator (Figure 3) or the M47 Stab Detonator (Figure 7), confined in an
aluminum sleeve, was functioned over various thicknesses and type materials,
Different explosive components were placed on the other side of the metal
plates, Observed was damage to the metal plate barrier and whether the
acceptor component was initiated when the donor component functioned,

The test set-up is shown in Figure 4, Test results are in Table 2.

The next test series was very similar to those just described except
that some of the donor components were electric initiators and the confine-
ments varied.

The test results are in Table 3,

Table 2 and 3 show results of the first tests conducted using explosives
on both sides of the barrier, Some interesting observations can be made
from the results., One is the fact that when explosives are used on both sides
of the barrier, the barrier will be more resistant to being perforated.
Undoubtedly this effect is a result of the pressure and shock from the detonation
of the acceptor component giving support to the barrier, This effect should
permit use of larger donor and acceptor charges with thinner barriers,

Another observation is that the functioning time of the initiation system

must be very short, This is inferred from the previous discussion. If there
were an appreciable delay in initiating the acceptor explosive there would be
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severe denting, if not penetration, of the barrier. There was a requirement
that the initiation of the rocket motor not take more than one millisecond.
Although no time measurements were made, it was judged that the initiation
would be accomplished in less than the one millisecond.

Hardware which would facilitate further testing was designed as a result
of the success obtained in the experiments in Table 2 and 3. This is shown
in Figure 8. Five cylinders (Figure 8) were loaded as shown in Table 4.
The loaded cylinders were.tested in a manner similar to tests previously
described. The test set-up is shown in Figure 9. Test results are in Table 5.

At this point, it was felt that the feasibility of the proposed system was
adequately demonstrated, and consideration was given to the development of
specific components for use in an actual rocket motor., It was decided that
an electric detonator , 147" - ,006'" diameter would be the test vehicle used for
the donor component to cause initiation of the rocket motor. This judgment was
based on availability of parts in a size compatible with charge requirements
indicated in the tests. A number of these electric detonators were loaded and
tested, using different amounts of various explosives to establish a final
donor charge design and indicate an appropriate acceptor charge design,

The first experiments with the new electric detonators were made using
detonators loaded as shown in Figure 10. Results of tests to determine ability
of these detonators to initiate another explosive through a barrier are in Table
6. The test set-up is shown in Figure 11,

At the conclusion of these tests, a decision was made to eliminate lead
azide and other primary explosives from the initiation system., This is
desirable since primary explosives are regarded as being more sensitive
than secondary explosives. This worked no particular hardship since the
testing to date indicated that the desired end result could be accomplished
using only secondary explosives,

Experiments were conducted to establish suitable secondary explosive
donor and acceptor charges for initiation of PETN through a .100 inch steel
barrier, These tests are in Table 7, The set-up used in most tests is shown
in Figure 11, Exceptions to this test set-up are shown in the table. It should
be noted that despite the decision not to use lead azide in the final system, a
small charge of lead azide was loaded in the#vnor components used for test
purposes, In thefinal system design this donor component would be replaced
with a secondary explosive charge. This was done because it was considered
expedient to continue t sting this way. However, the acceptor charge which
is actually an integral part of the rocket motor, contained gnly PETN.




Based on the test results, a final design of acceptor and donor components
for use in the proposed rocket motor was established. These are shown in Fig-
ure 12 and 13. These components were assembled to proposed rocket motor
hardware (as shown in Figure 14) and tested, The initiation system functioned
properly, The black powder was initiated and there was no perforation of the
metal barrier. Damage to the parts did not appear to be severe, and it
seemed likely that the seal provided by the O-ring was not broken.

After this study, a number of successful firings of complete rocket motors
were made -- using the initiation system developed,
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TABLE 1

DAMAGE TO VARIOUS METAL PLATES FROM AN M55 STAB DETONATOR

Type Material Thickness, inch Damage

Aluminum .125 Spalled with pinhole
perforation

Stainless Steel .115 Dent but no perforation

Stainless Steel . 062 Spalled but no perforation

Brass .063 Spalled with pinhole
perforation

* M55 Stab Detonator contains a base charge of 19 mg RDX,
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TABLE 4

(1)cY LINDERS CONTAINING EXP LOSIVES

Cylinder No, Explosive
l1st Charge (2) (4) 2nd Charge (3)

Material Weight, mg
1 M3l Mix 100 Black Powder
2 Black Powder 50 Black Powder
3 M31 Mix 50 Black Powder
4 M31 Mix 50 Black Powder
5 RD1333 111 None

Lead Azide

(1)

(2)
(3)
(4)

Cylinders were 1'' diameter x 1/2' high with a ,131'" + ,001'" hole through
the center (See Figure 8),

1st charge loaded @ 10000 psi.
2nd charge loaded loose to fill cavity,

M31 mix - 55/45 Potassium Chlorate/Lead Thiocyanate,

-11-
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FIRING PIN (See Fig. 2)

S STAB DETONATOR
ee Fig, 3)

ALUMINUM SLEEVE (as in

Fig. 2 except length

by 2 inches

o ]
= | - R was approx. .15 inch
) METAL PLATE 2 inches

BUSHING
Dwg. 81-3-56F

Figure 1. Test Set~Up For Plate Damage Tests
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SEE ITO X0-/-7 .
@-FORFWVISHES SEEML-3TD - /08 VAKX,
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SCALE , INCNES T

@3
8

S8 000 ~ -
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Figure 2. Detonator Holder and Firing Pin
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D/SC,CLOSING CUP, DETONATOR

8798333,
ALUM. FOIL

CHARGE, LOWER, APPRAX
I9mq RDX PRESSED AT
/%, 0bopsi

CHARGE , INTERMED/ATE,
7549215, RD/333, 5/mg, LEAD
AZIDE PRESSED AT 15000 pst

CHARGE, UPPER, PRIMER,
MiIX NOL #30-7548654.,
)5mg PRESS AT APFROX

70,000 pS1

Figure 3. Detonator, Stab, M55
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HETAL PLATE

zﬂ

PRESSURE SENSITIVE TAPE —]

x 2% \ﬁ

ACCEPTOR COMPONENT vy

l—._.__ FIRING PIN (See Fig. 2)

ZTONATOR OLDZT
See Fig. 2)

DOLIOR_COMPOIENT

ALUMIXUL SLETVE (as in
Fig. 2 except when M55
Det. is used length
is approx. .15 inch.

BUSHILG
81-3-56F

Figure 4.

Set-Up For Testing Component Initiation Through A Barrier
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27/

24| D /— POLYESTER RESIN
COATING

4000000004
$900004044
P040000044

CUP LEAD, XP-114233
00044444

AAAAAALALS

RDX, 254 MILLIGRAMS
PRESSED AT 10,000 ps/

Figure 5. Loaded Lead Assembly
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MUY,

Q

Q 85-90 MG DEXTRINATED

L e

o »0000004' '

1 .NMNN. 6O MG RDX PRESSED
(PR RPBR AT /0,000 PS/

NOTES:
/- STAINLESS STEEL FOIL,.0007 THICK.

2- DETONATOR CUP, TYPE 305, STAINLESS
STEEL, .005 NOM. STOCK.

J-LENGTH OF CUP BEFORE LOADING 3/5-005 INCH .

Figure 6. Flash Detonator
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CUP -GILDING METAL

NoL # /)30, /5. mg
FPRESSED AT /5,000ps/

-DEXTRINATED LEAD AZIDE,
/10mg  PRESSED AT /5,000 psi

RDX, 34 mg, PRESSED
AT 15,000 s+

Figure 7. M47 Detonator
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62 A3/ +.00/

I_%

MATERIAL ! -STEEL

Figure 8. Cylinder
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DONOR COMPONENT

STEEL BARRIER

FIRST CHARGE
SECOND CHARGE

CYLINDER
LEAD DISC

BUSHING
81-3-56F

Figure 9.

Set-Up For Testing Explosive Initiation Through A Barrier

=23~




CUP, BXP-965/12

T5& '.'004——-—‘
"'., : I_I ::.-r f || —

HEADER, FIGURE 15

— DIMENS/ON VARIED
WITH QUANTITY OF CHANGE

_—RD 333 LEAD AZIDE
PRESSED AT 10,000 ps;,
SEE TABLE & FORWTS.

Figure 10.

Donor Component
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ELECTRIC DONOR COMPONENT

| LLumnun
QLS S et
b ) _ DONOR COMPONENT
X X % > \\{ \q/-srfa BARRIER

R ALUMINUM CYLINDER,

' HOLE DRILLED TO
ACCOMMIODATE
)é(’(h = ACCEPTOR COMPONENT

ACCEPTOR COMPONENT

Figure 11. Test Set-Up For Evaluation Of Electric Donor Component
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|" i CUP, BXP-3965/2

HEADER, FIGURE 15

RDI333, LEAD AZ/DE
30mgs @ 10,000 pse
APPLIED BY PRESSING
IN PLUG.

PETN, CLASS 4 -
78 mgs @ /0,000 pse

Figure 12. Donor Component

-26-




ALUMINUM CUP,
M55 STAB DETONATOR
.002 -.00/

——./47=-004 D/A—"
4 r.0050 X 0005

 — — —— — — — — —— — —

Ry 1
R
RS &o’o"'
IES0S
R
X

T —— " "1 §

re—— /43006 ———=

te— ,/30~0/0 D/A—e E.O/O—-.OOE

~360° CRIMP

PETN, CLASS 4, 52 mq,
PRESSED AT /5000ps1

Figure 13. Acceptor Component
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-DISC.STEEL, TYPE 4340 ,~BODY

-DONOR COMPONENT
Fl6./12

ADAPTER NUT

"BLACK POWDER
"ACCEPTOR COMPONENT, Fl6. 13

Figure 14. Rocket Motor Test Assembly
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SHOCK INITIATION THROUGH A BARRIER
Robert L, Wagner

Technical Report 3085, September 1963, 32 pp,
figures, tables., Unclassified report from the
Artillery Ammunition Laboratory, Ammunition
Engineering Directorate.

A feasibility study was conducted of the practi-
cality of initiating a rocket motor through a
barrier using high explosives without perforating
the barrier. Results indicated that a variety of
explosives and barriers could be used in such a
system.,

A system was designated in which the design
parameters consisted of PETN, which is initiated
by shock through a 0.1-inch steel barrier,

It was concluded that using high explosives to
initiate a propellant train through a barrier with-
out perforating the barrier is practical and a
failure mode analysis of this system should be
conducted,
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